Low-back pain is a common problem in neurosurgery practice, and an algorithm has been developed for assessing these cases. However, one subgroup of these patients shares several clinical features and these individuals are not easy to categorize and diagnose. We present our observations for 8 of these patients, individuals with low-back pain caused by atypical annulus fibrosus rupture (AAR). The aim of this study is to show the consequences of overlooked annular tears on acute onset of low back pain. Eight patients with acute-onset severe low-back pain were admitted. Physical examinations were normal and each individual was examined neurologically and assessed with neuroradiologic studies [plain x-rays, magnetic resonance imaging (MRI), discography and computed tomography (CT) discography]. AAR was ultimately diagnosed with provocative discography. In all cases, MRI showed a healthy disc or mild degeneration, whereas discography and CT discography demonstrated disc disease. Anterior interbody cage implantation was performed in 3 of the 8 cases and posterior dynamic stabilization was carried out in 3 cases. The other 2 individuals refused surgery, and we were informed that one of them developed disc herniation at the affected level 1 year after our diagnosis. Clinical and radiological outcomes were evaluated. In cases where AAR is suspected, MRI, discography, and CT discography should be performed in addition to routine neuroradiologic studies.
Introduction
Chronic discogenic pain has many known and suspected causes. One of the proposed cause is the tearing of the annulus fibrosus of the disc, due to gradual disc degeneration, which results in decreased resistance to loading and altered histochemical structure. 1, 2 In cases of torn annulus fibrosus, magnetic resonance imaging (MRI) typically shows no obvious disc herniation, but only disc degeneration. The pain is not radicular, but it has somatotopic characteristics and is most likely transmitted by the paravertebral sympathetic chain. 1, 3 Most individuals, admitted to hospital with low-back pain, have a long history of unsuccessful non-operative therapy. Many of these cases are eventually managed surgically out of desperation on both the surgeon's and the patient's part. However, another group of these patients exists. Some individuals who present with lowback pain have no history of this problem and have developed acute pain after a sudden abnormal low-back movement, heavy lifting, or trauma. In such cases, computed tomography (CT), myelography, and MRI are usually normal or show minimal degenerative changes. Most of these patients experience no radicular pain and have no symptoms or other findings that suggest radicular compression; thus, they are often diagnosed with muscle spasm or facet joint pain. However, clinical reports and our observations suggest that, at least in some cases, the pain is due to atypical annular rupture (AAR). [4] [5] [6] The aim of this article is to present our clinical experience with AAR and to underline that this is a rare and unique clinical entity. AAR should be suspected in any patient who develops acute-onset low-back pain after sudden axial loading on the back, who exhibits no obvious cause of pain on plain x-rays and MRI, and who does not respond well to conservative treatment.
Materials and Methods
Between the years 2000 and 2008, 8 patients with the singular issue of sudden-onset lowback pain were admitted to the Neurosurgery Department of VKV American Hospital and underwent comprehensive workup. The details of these cases are presented below.
Patient #1
A 30-year-old woman presented with acuteonset low-back pain. She had developed this sharp pain 1 month earlier while performing aerobic exercises. Prior to presentation, the patient had had two visits to a physical therapist. She had been advised to undergo bed rest and treatment with non-steroidal anti-inflammatory drugs (NSAIDS), and a physical therapy program. Neither conservative therapy nor physical therapy was helpful. T2-weighted MRI showed intradiscal signal changes at the L3-4 and L4-5 levels. Discography and CT discography revealed escape of contrast material into the epidural space at the L4-5 level (Figure 1 ). During injection into the L4-5 intervertebral disc, the patient's pain increased significantly. She underwent surgery with anterior interbody cage technique at the L4-L5 level and was discharged on the 4 th postoperative day. Preoperative visual analog scale (VAS) score 9 decreased 2, similarly Oswestry Disability Index (ODI) 92 come to 16 at postoperative one year. This patient remains pain-free at 7 years of follow-up.
Patient #2
A 35-year-old woman experienced acute onset of low-back pain after heavy lifting. The patient received conservative therapy (naproxen sodium, mephenoxalone and paracetamol) and underwent 1 month of physical therapy. Neither of these modes of treatment was helpful. Lumbar MRI revealed nothing abnormal. Discography and CT discography showed escape of contrast into the L5-S1 epidural space (Figure 2 ). Injection of contrast into the L5-S1 disc caused the patient's pain to increase significantly. Surgical intervention was carried out with anterior interbody cage technique at the L5-S1 level. The patient was discharged on the 4 th postoperative day and remains pain-free at 7 years of follow-up. Preoperative VAS score 8 decreased 1, similarly ODI 80 come to 12 at postoperative one year.
Patient #3
A 23-year-old man was admitted after he developed sudden-onset severe low-back pain while playing soccer. He was offered conservative NSAID treatment (diclofenac potassium 50 mg 3¥1 and tizanidine hydrochloride 2 mg 2¥) and physical therapy. The patient was admitted to our department 6 weeks after the pain began. Neurological examination and MRI revealed no abnormalities; however, discography and CT discography showed escape of contrast medium into the L5-S1 epidural space (Figure 3) . Injection of contrast into the L5-S1 intervertebral disc resulted in significant low-back pain. The patient was operated on with an anterior interbody cage technique and was discharged on the 4th postoperative day. He is currently pain-free after 5 years of follow up. Preoperative VAS score 10 decreased 2, similarly ODI 72 come to 8 at postoperative one year.
Patient #4
A 22-year-old man developed acute low-back pain while doing intense military exercises. He was treated with bed rest and analgesics (diclofenac potassium 50 mg 3¥1 and tizanidine hydrochloride 2 mg 2¥1). The patient was admitted to our clinic 1 month after the onset of pain. His daily activities were significantly limited by its severity and he was also experiencing severe, painful muscle spasms while coughing. There were no abnormal findings on neurological examination or MRI, but discography and CT revealed a tear in the annulus fibrosus of the L4-5 intervertebral disc ( Figure 4 ). Injection into the L4-5 disc caused intense pain. The patient was offered surgical intervention, but did not accept this because of issues related to his job. He was offered medical and physical therapy, but 1 year after initial onset he was still suffering low-back pain. Subsequently, he underwent surgery at another center for disc herniation at L4-5 level. Preoperative VAS score 10 decreased 1, similarly ODI 64 come to 12 at postoperative one year.
Patient #5
A 32-year-old man was admitted to our clinic with acute low-back pain. The pain had come on suddenly while he was lifting weights at the gym. The patient underwent conservative treatment and 4 weeks of physical therapy, but there was no response to either regimen. Neurologic examination and MRI revealed nothing abnormal. Discography and CT discography showed an annulus fibrosus tear in the L5-S1 disc ( Figure 5 ). During injection into the L5-S1 disc, the patient's pain spiked significantly. He was offered surgical treatment but declined. Medical and physical therapy were offered and he was still experiencing low-back pain 8 months after the initial onset. Preoperative VAS score 10 decreased 2, similarly ODI 70 come to 6 at postoperativeone year. A 27-year-old woman presented to our department with acute low-back pain. The pain had started acutely after exercise and had been present for 1 month. There was no response to conservative medical treatment or physical therapy. Her neurologic examination was normal. Lumbar MRI showed L4-L5 disc degeneration, and discography and CT demonstrated escape of contrast into the L4-L5 epidural space ( Figure 6 ). The patient underwent surgery with posterior dynamic stabilization (Saphinas system-Medikon company). She was discharged on the 3 rd postoperative day and was pain-free at 17 months of follow-up. Preoperative VAS score 10 decreased 3, similarly ODI 64 come to 4 at postoperative one year.
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Patient #7
A 25-year-old woman presented with acuteonset low-back pain. She had developed sudden pain after heavy lifting. She did not respond to repeated conservative therapy or physical therapy. Neurologic examination and MRI were normal but discography and CT discography showed a lateral tear in the annulus fibrosus of the L4-L5 disc (Figure 7) . Surgical intervention was carried out with posterior dynamic stabilization (Saphinas system-Medikon company). The patient was discharged on the 7 th postoperative day and is pain-free at 1 year of follow up. Preoperative VAS score 8 decreased 1, similarly ODI 60 come to 2 at postoperative one year.
Patient #8
A 45 year old woman presented with acuteonset of low back pain.
First attack occurred one month ago. Neurologic examination was normal at the time and her pain improved with anti-inflammatory drugs and analgesics. However, she admits anxiety lest a sudden onset of back pain should start. She felt a sudden back pain following a minor back movement one day before she was admitted to the hospital, her neurologic exam was free of pathology but she described severe back pain.
MRI examination showed mild degeneration findings of L4-5 disc and discography revealed an anterior defect of annulus with positive pain provocation (Figure 8 ). Surgical intervention was carried out with posterior dynamic stabilization (Cosmic system-Ulrich Company).
The patient was discharged on the 3rd postoperative day and was pain-free at her 1 month of follow up. Preoperative VAS score 9 decreased 1, similarly ODI 56 come to 4 at postoperative one year.
Results
All these patients' clinical and radiological outcomes were evaluated. In all cases, MRI during case work-up suggested a healthy disc or only mild degeneration, whereas discography and subsequent CT discography demonstrated disc disease. We performed interbody fusion and instrumentation until 2003 therefore three of the 8 patients underwent anterior interbody cage placement. After that in such chronic instability we performed transpedicular dynamic stabilization in our routine practice. So that last 3 patients underwent posterior dynamic stabilization, and 2 refused surgery. As noted, we learned that one of the individuals who declined surgical treatment developed disc herniation at the same level 1 year later. The patients' clinical histories are summarized in Table 1 . All these patients were very painful preoperative period and most of them were examined in emergency service. The pain decreased sharply just after the operation and all the patients remains pain-free at 2-7 years of follow-up. Radiological outcomes were satisfactory.
Discussion
The literature contains no reports on large series of patients with low-back pain associat- ed with AAR. These tears of the annulus fibrosus are diagnosed with discography, and numerous authors have stated that such cases are difficult to diagnose on MRI. 4, 5 In our clinic, we routinely performed discography and CT discography in appropriate cases and found that a unique group of patients emerged. In all instances, MRI indicated normal to mild degeneration of intervertebral discs and no clear sign of an annular defect; however, discography demonstrated an annulus fibrosus tear. These patients shared several clinical and demographic features: i) otherwise healthy individuals approximately 30 years of age; ii) no previous distinct history of low-back pain; iii) initiation of pain was associated with an abnormal low-back movement, heavy lifting, or exercise. In all cases, there was no radicular pain, MRI was either normal or showed only nonspecific changes, and conservative measures and physical therapy were unsuccessful.
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MRI and CT discography may both be important tools for evaluating discogenic pain. 7 It is particularly difficult to identify the cause of low-back pain with MRI if the patient has multiple degenerated discs. Demonstration of a high-intensity zone on MRI has been shown to indicate back pain; 8 however, we observed no high-intensity zones on MRI in our 8 patients.
There is conflict about these zones in the literature for 15 years. Some authors state that presence of a high-intensity zone supports the diagnosis of annular rupture, but postulate that if the tear is under the anterior longitudinal ligament then no high-intensity zone will be visible on MRI. 9 On the other hand, recent studies have revealed that high-intensity zones can be seen on MRI in the absence of low-back pain and are not associated with any particular group of clinical symptoms. [10] [11] [12] In a cadaver study, Yu et al. identified 3 types of annulus fibrosus tears. 13 One of these, Type I tears (concentric tears), is characterized by rupture of the transverse fibers that connect adjacent lamellae in the annulus, with no disruption of the longitudinal fibers. The authors noted that these tears were not seen on MRI, and this is in line with the MRI findings in our 8 cases.
There is still some debate about the value of discography as a diagnostic tool for investigating painful black disc disease. 14 After injecting contrast medium into the disc, appearance of contrast in the epidural or paravertebral space at the affected level supports the clinical diagnosis of AAR. 4, 5 However, it has also been reported that contrast can escape into the epidural space as a result of benign disc degeneration. In such cases, discography can give a false-positive result. 14, 15 Carregee et al. 16 concluded that specificity of discography have led us to proceed much more cautiously in interpreting the results of discography. Chronic low back pain illness seriously challenges the specificity of provocative discography in identifying a clinically relevant spinal pathology. 17 Discography is difficult to evaluate as a diagnostic procedure and there are no data on false-positive discography results in patients with healthy intervertebral discs.
As noted in our cases, discography can also be used as a provocative test. 18 Injection of contrast material into the intervertebral disc typically results in increased intradiscal pressure. This can cause severe pain and may pinpoint the source of a patient's low-back pain. However, when a patient has chronic disc degeneration due to multiple annulus fibrosus tears, the injected material can easily escape into the epidural space and, thus, does not cause increased intradiscal pressure in these cases. Conversely, in the case where a healthy disc sustains an annulus rupture, discography can be more useful as significant pain is generated during the test and contrast medium appears in the epidural space. Therefore, in cases of acute-onset low-back pain where there is no other cause of lumbar pain and MRI indicates a healthy disc with only minor changes, discography may be the only tool that is diagnostic. 19 Discography can pinpoint the source of pain and demonstrate AAR, as demonstrated in our 8 cases. In cases of suspected AAR, it is important to rule out other possible causes of pain, such as soft-tissue injury, pathologies of the coxofemoral joint, and painful sacroileitis. It is also recommended to perform CT discography to determine the location and shape of the annulus fibrosus tear, and we did this in our cases as well. 18, 20 The treatment algorithm for patients with confirmed AAR is the same as the same as that used in cases of painful black disc disease. The first step in treating AAR is conservative treatment with minimum 6 weeks of conservative treatment and bed rest. The second step is to use techniques such as intradiscal electrothermal treatment, and these may be helpful. 2, 21 Article The anatomical characteristics of the affected region are very complex. Widespread distribution of nociceptive afferents of the annulus fibrosus and nearby ligaments technically limit access to the annulus from any direction. 22 For patients who do not respond to steps 1 or 2 of treatment, surgical stabilization of the painful segment is the next option. This typically involves one of the various fusion techniques, posterior dynamic stabilization, or disc replacement depending on the surgeon's experience.
Conclusions
Discography should be used in any case of suspected annulus fibrosus rupture. Patients with AAR should be comprise as a distinct subgroup of individuals with low-back pain. MRI is not always helpful, especially if low qualilty (e.g. 1.5 Tesla) or insufficient sequences were presented for diagnosing annulus fibrosus tears. Conservative treatment and minimally invasive pain therapies, such as intradiscal electrothermal treatment, should be tried initially. If symptoms persist, surgery is recommended.
